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Abstract
Based on the \democratic" universal seesaw model, where mass matrices
Mf of quarks and leptons fi (f = u, d, ν, e; i = 1, 2, 3) are given by a seesaw
form Mf ’ −mLM−1F mR, and mL and mR are universal for all the fermion
sectors, and the mass matrices MF of hypothetical heavy fermions Fi have a
democratic structure, a possible neutrino mass matrix is investigated. In the
model, there are three sterile neutrinos νiR which mix with the active neutri-
nos νiL with θ  10−2 and which are harmless for cosmological constraints.
The atmospheric, solar and LSND neutrino data are explained by the mixings








3  10−6 eV2 and m2LSND’0.5 eV2 for m2atm ’ 2.2  10−3 eV2), and
sin2 2θatm ’ 1 and sin2 2θLSND’4me/mµ ’ 0.02.





In order to seek for a clue to the unied understanding of quarks and leptons, many
attempts to give a unied description of the quark and lepton mass matrices have been
proposed. The universal seesaw mass matrix model [1] is one of the promising attempts
to view the unied description, where the mass matrices Mf for the conventional quarks












and mL and mR are universal for all fermion sectors f . For O(MF )O(mR)O(mL),
the mass matrix (1.1) leads to the well-known seesaw expression
Mf ’ −mLM−1F mR. (1.2)
As a specic version of such universal seesaw model, Fusaoka and one of the authors
(Y.K.) have proposed a so-called \democratic" seesaw model [2]: The heavy fermion
matrices MF have a simple structure [(unit matrix)+(democratic matrix)], i.e.,


































3 = 1, and m0 is of
the order of the electroweak symmetry breaking scale, i.e., m0  102 GeV. Since the














For the up-quark sector, the parameter bf is taken as bu = −1/3, which leads to detMU =
0, and the seesaw mechanism does not work for one of the three families, and hence we
2
obtain the mass mt ’ m0/
p
3 without the seesaw suppression factor κ/λu (we identify
it as the top quark mass). Furthermore, we also obtain a relation mu/mc ’ 3me/mµ,
which is in good agreement with the observed values. Moreover, when we take bd ’ −1
(bd = −eiβd with βd = 18) for the down-quark sector, we can obtain reasonable quark
mass ratios and the Cabbibo-Kobayashi-Maskawa [3] (CKM) matrix.











0 0 0 mL
0 0 mTR 0














where ψcL  (ψL)c = CψTL . [We consider a SO(10)LSO(10)R model [4], where fermions
(fL + F
c
R) and (fR + F
c
L) are assigned to (16,1) and (1,16) under SO(10)LSO(10)R,
respectively. Hereafter, we will denote the Majorana mass matrices MNL and MNR of the
neutral heavy leptons NL and NR as MR = MNL and ML = MNR, respectively.]
For O(mL)O(mR)O(MD), O(ML), O(MR), we obtain the following 66 seesaw

















which leads to the 33 seesaw matrices for νL and νR
M(νL) ’ −mLM−1L mTL, (1.9)
M(νR) ’ −mRM−1R mTR. (1.10)




L)O(mRM−1R mTR) has already been inves-
tigated by one of the authors (Y.K.) [5]. He has concluded that although either the
atmospheric [6] or solar [7] neutrino data can be explained by the mixings νµ $ ντ or
νe $ νµ, however, simultaneous explanation of the both data cannot be obtained in this
model.





In this case, mixings between νiL and νiR are induced. The solar neutrino data [7] are
understood from a small mixing between νeL and νeR. The atmospheric [6] and the LSND
[8] neutrino data are explained by the mixings νµL $ ντL and νeL $ νµL, respectively.
The vantage point of the democratic seesaw model [2] is that parameters zi in the mass
matrices mL and mR are given in terms of the charged lepton masses and thereby the
3
mass spectrum and mixings of νiL and νiR can also be predicted in terms of the charged
lepton masses.
2 Parameter bν
In the present paper, for simplicity, we assume that all the neutral heavy fermion mass









MR = m0(1 + 3bνX), (2.1)
and we will investigate only the case bν = −1/2.
The excuse for considering only the case bν = −1/2 is as follows. The choices of bf
(be = 0, bu = −1/3, bd ’ −1) have given the successful description of the quark masses
and mixings in terms of the charged lepton masses. When, instead of the expression (1.3),
we denote MF as


















where E and S have been normalized as TrE2 = TrS2 = 1, the cases be = 0, bu = −1/3




1/3) and (0, 1), respec-
tively. Considering an empirical relation φd = pi/2 − φe for (cos φe, sinφe) = (1, 0) and
(cosφd, sinφd) = (0, 1), we consider that the value of bν is also given by φν = pi/2 − φu




1/3), i.e., we assume





which corresponds to the case bν = −1/2.
Besides, from the phenomenological point of view, the case bν = −1/2 is also inter-
esting. The inverse matrix of the ML with bν = −1/2
ML = m0λL(1− 1
2






















so that the seesaw matrix Mν’−mLM−1L mTL is expressed as









The form (2.7) is just a Zee-type mass matrix [9], which has recently been revived [10] as
a promising neutrino mass matrix form.
3 Mass spectrum and mixing
For the specic form (2.1) with bν = −1/2, the 66 seesaw matrix M (66) given by
Eq. (1.8) becomes



















 λRZY −1Z −κλDZY −1Z




Y = 1 + 3bνX, Y
−1 = 1 + 3aνX, (3.2)
aν = −bν/(1 + 3bν). (3.3)
Therefore, the matrix M (66) is diagonalized by the 66 unitary matrix U (66)
U (66) =

 cos θ  U − sin θ  U




U (66)yM (66)U (66) = diag(mν1L , mν2L , mν3L, mν1R , mν2R, mν3R)
= m0diag(ξLρ1, ξLρ2, ξLρ3, ξRρ1, ξRρ2, ξRρ3), (3.6)
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where
U yZY −1ZU = diag(ρ1, ρ2, ρ3), (3.7)

 cos θ sin θ









 cos θ − sin θ


























1 + tan2 2θ . (3.10)
The mixing angle θ between νiL and νiR is given by
tan 2θ =
2κλD
λR − κ2λL . (3.11)
The light neutrino masses m(νiL) and m(νiR) are given by
m(νiL) = m0ξLρi , m(νiR) = m0ξRρi . (3.12)
For the case of bν = −1/2, the eigenvalues ρi of the matrix ZY −1Z are given by











+ z21 , (3.13)
so that
ρ23 − ρ22 ’ 4z2z21 , ρ22 − ρ21’z22 . (3.14)






















4 Explanations of the neutrino data
The atmospheric [6] and solar [7] neutrino data are explained by the mixings νµL $ ντL
and νeL $ νeR, respectively. As seen in the mixing matrix (3.15), the neutrinos νµL and
6
ντL are maximally mixed. On the other hand, the mixing between νeL and νeR is given
by Eq. (3.11). Since the solar neutrino data are in disfavor [11] with sterile neutrinos,
we take the small angle solution in the Mikheyev-Smirnov-Wolfenstein(MSW) mechanism
[12],
m2solar ’ 4.0 10−6 eV2, sin2 2θsolar ’ 6.9 10−3. (4.1)
Here, the values in Eq. (4.1) have been quoted from the recent analysis for νe ! νs by
Bahcall, Krastev and Smirnov [13]. The value sin2 2θsolar ’ 7  10−3 will be tted by
adjusting the parameters λL, λR/κ
2 and λD/κ as we discuss later.
As seen from Eqs. (3.6) and (3.14), the ratio of m2solar = (mν1L)
2 − (mν1R)2 to
m2atm = (mν3L)




























’ 1.2 10−3, (4.4)





2.2 10−3eV2 ’ 1.8 10
−3. (4.5)
Here, as the best-t value of m2atm, we have used the value reported by Super-Kamiokande
collaboration [14]. If we use the very recent updated global analysis of the atmospheric
neutrino data by Fornengo, Gonzalez-Garcia and Valle [15], m2atm = 3.0 10−3 eV2, we
can obtain a more favorable value m2solar/m
2
atm ’ 1.3 10−3 to the prediction (4.4).
If we consider R > 1, we can obtain a more suitable tting of the ratio m2solar/m
2
atm
to the data (4.5) by adjusting the parameter R. However, we will choose the case R2  1
as we discuss later.
The LSND data [8] is explained by the mixing νeL $ νeR. The mass-squared
dierence m2LSND = (mν2L)










= 2.2 102, (4.6)
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which leads to
m2LSND ’ 0.48 eV2, (4.7)
for m2atm ’ 2.2 10−3 eV2. On the other hand, the mixing angle θLSND is given by








The solution (m2 ’ 0.5 eV2, sin2 2θ ’ 0.02) is just tted in the allowed narrow region
given by the LSND experiment [8].
















which safely satises the constraint jUe3j  (0.22 − 0.14) obtained from the CHOOZ
reactor neutrino experiment [16].
Since m2(ν3L)’m2(ν2L)m2(ν1L), from Eq. (4.7), we obtain
m(ν3L)’m(ν2L)’0.69 eV, m(ν1L) ’ 0.016 eV. (4.10)
For the case R2  1, the sterile neutrinos have negligibly small masses m(νiR) = Rm(νiL)
(i = 1, 2, 3). In order to obtain a best-tting value of m2solar/m
2
atm given in Eq. (4.2), if
we consider a case R > 1, we obtain R = 1.6 from the relation (4.2) and the experimental
value (4.5), so that we obtain the sterile neutrino masses
m(ν3R)’m(ν2R) ’ 1.11 eV, m(ν1R)’0.026 eV. (4.11)
In the present scenario, there are three light sterile neutrinos νiR (i = 1, 2, 3). How-
ever, those neutrinos do not spoil the big bang nucleosynthesis (BBN) scenario, which puts
the following constraint [17] for a mixing between the active neutrino να (α = e, µ, τ) and
a sterile neutrino νs,
(sin2 2θαs)
2m2αs < 3.6 10−4 eV2. (4.12)
Even for the case R = 1.6, the value of (sin2 2θ)2m2 in our model is less than 10−4 eV2,
because the mixing angle θ in the present model is suciently small, i.e., (sin2 2θ)2 =
(6.9 10−3)2 = 4.8 10−5.
However, we must note that there is a more severe constraint on the neutrino masses
from the cosmic structure formation in a low-matter-density universe [18]
Nνmν < 1.8 eV (1.5 eV), (4.13)
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for flat universe (for open universes), where Nν is the number of almost degenerate neu-
trinos with the highest mass. The case R2  1 gives Nνmν ’ 1.4 eV, so that the case
satises the constraint (4.13), while the case R ’ 1.6 dose not satises the constraint
(4.13), because the case gives Nνmν ’ 3.6 eV. Therefore, if the constrain (3.13) is taken
stringently, the case R ’ 1.6 is ruled out.
5 Conclusion and discussion
In conclusion, we have investigated a neutrino mass matrix in the framework of the
\democratic" universal seesaw model. Although the model has three light sterile neutrinos
νiR (i = 1, 2, 3), they do not spoil the BBN scenario, because the mixing angle θ between
the active and sterile neutrinos is taken as sin2 2θ ’ 710−3. The atmospheric, solar and
LSND neutrino data are explained by the mixings νµL $ ντL, νeL $ νeR and νeL $ νµL,
respectively. The model with the parameter bν = −1/2 gives the predictions in terms of














sin2 2θatm ’ 1 , sin2 2θLSND ’ 4me
mµ
, (5.2)
which are well satised by the observed data.
In the present scenario, the following intermediate energy scales have been con-
sidered: The neutral leptons NL and NR acquire large Majorana masses MR and ML
at µ = NL = m0λR and µ = NR = m0λL, respectively. The fermions N and
F (F = U,D,E) acquire large Dirac masses MD and MF at µ = D = m0λD and
µ = F = m0λF , respectively. The gauge symmetries SU(2)R and SU(2)L are broken at







from the study of the quark mass spectrum [2]. Then, let us see what constraints the
present neutrino mass matrix phenomenology put on these intermediate energy scales.
From Eqs. (3.9), (3.10) and (3.11), the values of ξLand R are given by
ξL =
(x− 1) tan 2θ
λD/κ
x+ 1 + (x− 1)p1 + tan2 2θ






x+ 1− (x− 1)p1 + tan2 2θ
x+ 1 + (x− 1)p1 + tan2 2θ , (5.5)
where x = λR/κ
2λL. In the case R
2  1, for example, the bound R2  0.1 corresponds
to x  3, which gives ξL  0.08 κ/λD. The constraint ξL  0.08κ/λD with ξLm0 =
m(ν3L)/ρ3 ’ 3 eV and m0  102 GeV put a constraint on the value of κ/λD
κ/λD  10−9. (5.6)
Therefore, as seen in the conditions (5.3) and (5.6), we cannot take the idea that Dirac
masses MD and MF are generated at the same energy scale D = F . It is likely that
the energy scale D is smaller than the Planck mass MP  1019 GeV, so that we obtain
a constraint on the parameter κ
κ < 108. (5.7)
On the other hand, the condition R2  0.1 means x  3, i.e.,
λR  3κ2λL . (5.8)
If we consider NLMP and NR  F , then we obtain
102κ  λL  1016κ−2, (5.9)
so that we obtain a more severe constraint on κ, κ < 105.
Note that in the conventional universal seesaw model, the neutrino masses are of the
order of 2L/NR = m0/λL, because of M(νL)’mLM−1L mTL, so that we consider λL  109.
In contrast with the conventional model, in the present model, the neutrino masses are of
the order of m0ξL  (κ/λK)x tan 2θ [for (tan2 2θ)−1  x  1]. Therefore, for example,
the conclusion on the intermediate energy scales based on the SO(10)L SO(10)R model
in Ref. [19] is not applicable to the present model, because in Ref. [19] the solutions
have been investigated under the condition λL  109. It is a future task to seek for a
unication model which satises these constraints on the intermediate energy scales, (5.3)
and (5.6)-(5.9).
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